Abstract-Cationic block copolymers, consisting of a poly(ethylene glycol) block and a block deriving from the poly(dimethylamino)ethyl methacrylate were prepared via a two-step procedure, based on the use of macroinitiators. By appropriately changing the experimental conditions and reacting the poly(dimethylamino)ethyl methacrylate block with iodo-or bromo-alkyl derivatives, a variety of ionic block copolymers with tuned physicochemical properties were prepared. These block copolymers are able to spontaneously self-assemble with plasmid DNA to produce oriented and shielded vectors, with physicochemical properties appropriate for in vivo applications. In addition, the formation of a complex between the cationic block copolymer and the plasmid DNA results in a nuclease resistance increase due to the stable nature of the complex.
INTRODUCTION
The use of DNA as a therapeutic agent in vaccine and gene therapy is frequently limited by the poor efficiency of gene delivery and expression in vivo [I] . Viruses are employed as vectors a1though immunogenicity and inflammatory effects may limit their usefulness. In addition, their inappropriate tropism further restrict their access to target tissues [2] . Liposomes have also been studied as the main synthetic *To whom correspondence should be addressed.
T r i a l V e r s i o n w w w . n u a n c e . c o m alternative with special attention to those containing cationic lipids. However, they often display poor pharmacokinetic characteristics and, in this case, their use is confìned to local or intra-arterial applications [3] [4] [5] . An alternative class of nonviral gene delivery vectors is represented by cationic polymers specifìca11y designed to self-assemble with DNA by electrostatic interactions [6, 7] . Simple mixing of DNA with poly-L-lysine (PLL) results in the formation of polyelectrolyte complexes whose size and transduction effìciency is influenced by the molar mass of the employed PLL [8] [9] [10] . However, these simple polyelectrolyte complexes exhibit certain pratica11imitations in their use. One major physicochemicallimitation is their relatively low aqueous solubility, particularly when they are formed at charge neutra1ity, reflecting the formation of neutral, relatively hydrophobic complexes [6a] . A particular limitation to their use in vivo is a tendency to interact with serum proteins, resulting in a rapid clearance following i. v. administration [11] . It is we1l known that coating the liposome surface with flexible hydrophilic polymer chains, such as poly(ethylene glycol) (PEG), produces a steric barrier to the interaction with proteins and phagocytes resulting in a prolonged plasma circulation time of these liposomes [12] , which are usua11y referred to as stealth liposomes. The same basic concept can be extended to the self-assembling approach by substituting the cationic polymer with a block or graft copolymer made of a cationic block, which is able to interact with DNA, and a hydrophilic nonionic block, capable to sterica1ly stabilize the complex. So far, severa1 polycations have been used in combination with hydrophilic nonionic polymers to produce polyelectrolyte complexes with improved biocompatibility. These include A -B type block copolymers in which the A block consists of a hydrophilic block of PEG, dextran or poly[N -(2-hydroxypropyl)methacrylamide] (PHPMA) and the B block of a polycation block of PLL, spermine, poly(dimethylamino ethyl methacrylate) (DMAEMA), or poly(trimethylammonio ethyl methacrylate chloride) (PTMAEMA.Cl): PEGb-PLL [13] [14] [15] , PEG-b-spermine [6], PHPMA-b-PTMAEMA [14, 16] , or graft copolymers PLL-g-PEG, PLL-g-dextran and PLL-g-PHPMA, or PTMAEMA-g-PHPMA [17, 18] . These novel cationic block copolymers self-assemble with plasmid DNA to give mice1lar structure in aqueous media ca11ed block ionomer complexes or polyion complex mice1les. The supramolecular structure of these com-T r i a l V e r s i o n w w w . n u a n c e . plexes is a core-shell type micelle, in which the hydrophobic core is formed by DNA linked via electrostatic interactions to the charged block of the block copolymer and the outer shell is constituted by the non-charged hydrophilic block of the copolymer, as illustrated in Fig. 1 [19, 20] . The PEG-b-PLL diblock copolymers are highly attractive because of their biocompatibility. However, the modulation of the inherent complexing propensity of the polycation block toward DNA is still to be optimized.
T r i a l V e r s i o n w w w . n u a n c e . c o m In this paper, we introduce block copolymers t, 2 whose generaI structure is as follows:
These block copolymers are constituted by a PEG block and a poly(DMAEMA) block and were prepared by free radical polymerization of the dimethylamino ethyl methacrylate using a high molar mass initiator containing a reactive azo group flanked by two PEG chains of variable length. Indeed, an alternative synthetic way to prepare similar bock copolymers has been very recently described [21] by successive anionic polymerization of ethylene oxide and (N,N-dimethylamino)ethyl methacrylate. Narrow polydispersity indexes are observed.
In addition, copolymers 1 and 2 w~re partly or fully a1kylated to give the corresponding cationic block copolymers la-c, 2a with the following structure: The capability of block copolymers to spontaneously assemble with DNA and the stability of the resulting complexes as well as the nuclease resistance of the resulting PEG-b-PTMAEMA/DNA complex were tested on two DNA plasmids: pCV-Tat, an extensively characterized plasmid for in vitro HIV l-tat gene expression, and pCVO, the reference plasmide having the same sequence and lacking the HIV1-tat gene [22] [23] [24] [25] . Plasmid pCV-Tat is being used for the development of a tat-based vaccine against HIV-l infection [26, 27] .
METHODS

Materials
Benzene, triethylamine, chloroforrn, and 2-DMAEMA w ere freshly distilled before liSe. 4,4'-Azobis(4-cyanopentanoyl chloride) (3) was prepared from 4,4'-azobis(4-T r i a l V e r s i o n w w w . n u a n c e . c o m DNA-block copolymer complexes for gene delivery 213 cyanopentanoic acid) (Aldrich) according to a procedure previously described [28] . Poly(ethylene glycol) mono methylether samples (Mn = 750 and Mn = 2000, Aldrich), l-bromobutane, iodomethane and poly(vinyl sulfonic acid, sodium sa1ts) (PVS) were purchased from Aldrich and employed without further purification.
Physicochemical characterization
Average molar masses were determined by SEC of water solutions with a 590 Waters chromatograph equipped with a TSK-GEL G3000PW column. A differential refractometer R40l Waters was used as a detector. PEG standard samples were used for the column calibration. lH-NMR spectra were recorded on a Varian Gemini 200.
Svnthesis or macroinitiator 4a
In a typical reaction, 2.0 9 (6.3 mmo1) of 3 were disso1ved in 40 m1 of benzene in a flask under constant nitrogen flow at 5aC, and a solution of 19.0 9 (25 mmo1) of po1y(ethy1ene glyco1) monomethy1ether (Mn = 750, n = 16), and 4.0 m1 (28.6 mmo1) of triethy1amine in lO m1 of benzene were then added dropwise. After the addition was comp1eted, the reaction mixture was heated to room temperature and stirred for 2 h. Then the reaction mixture was fi1tered, to remove the sa1t, and washed with al 0% sodium bicarbonate solution to remove the residues of PEG mono methy1ether and of 3. The organic phase was dried with sodium su1phate, fi1tered and the solvent was removed under vacuum at room temperature. Yie1d:
Synthesis of macroinitiator 4b
The macroinitiator 4b was synthesized in the same way as 4a using 50. Synthesis of block copolymers 1,2 Copo1ymer 1 was obtained by solution po1ymerization of macroinitiator 4b with DMAEMA. In a typica1 reaction, 8.5 9 (2.0 mmo1) of macroinitiator 4b and 6.0 m1 (35.0 mmo1) of DMAEMA were disso1ved in 30 m1 of benzene in a Pyrex glass ampou1e. The reaction mixture was degassed by three freeze-thaw cyc1es. The ampou1e was then charged with nitrogen and p1aced in a thermostatic bath at 60 ::I:: 0.1°C for 24 h. The reaction mixture was then poured into 300 m1 of petro1eum ether and the product co11ected and dried under vacuum at room temperature. The solid was then disso1ved in water, purified by dia1ysis against water (dia1ysis membrane Medice11 Intemationa1, MWCO 12000-14 000 Da) and freeze-dried. Yie1d: 66%.
T r i a l V e r s i o n w w w . n u a n c e . Copo1ymer 2 was obtained by bu1k po1ymerization of macroinitiator 4a with DMAEMA. In a typica1 reaction, 3.0 9 (1.7 mmo1) of macroinitiator 4a were disso1ved in 12.0 m1 (71 mmo1) of DMAEMA and poured in a Pyrex glass ampou1e. The reaction mixture was degassed by three freeze-thaw cyc1es and then charged with nitrogen and p1aced in a thermostatic bath at 60 :J:: 0.1°C for 24 h. The po1ymerization reaction and purification were performed as described for copo1ymer 1. Yie1d: 65%. lHNMR (CDC13):
Synthesis or cationic block copo'ymers la-c, la Cationic block copolymer la was obtained by reacting block copolymer 1 with iodomethane in stoichiometric defect. In a typical reaction, 2.0 9 of 1 were dissolved in 50 ml of ethyl acetate at room temperature in a three-neck flask under constant stirring. 0.2 ml (3.2 mmol) of methyl iodide was then added and the reaction mixture was p1aced at 40°C. After 2 h, the reaction mixture was dried under vacuum and the solid product was washed with ether and subsequent1y with methy1 alcohol. Yield: 70%. lHNMR (D20):
Cationic b1ock copo1ymer lb was obtained by reacting b1ock copolymer 1 with iodomethane in stoichiometric defect. In a typical reaction, 2.0 9 of 1 were disso1ved in 50 ml of ethy1 acetate at room temperature in a three-neck flask under constant stirring. 0.1 m1 (1.6 mmol) of iodomethane was then added and the reaction mixture was p1aced at 40°C. After 2 h, the reaction mixture was dried under vacuum and the solid product was washed with ether and subsequently with cyc1ohexane. Yie1d: 65%. lHNMR (D2O):
Cationic b1ock copo1ymer lc was obtained by reacting copolymer 1 with an excess of 1-bromobutane. In a typical reaction 2.0 9 of 1 were disso1ved in 40.0 ml (0.37 mo1) of 1-bromobutane and the reaction mixture was p1aced at 50°C for 24 h. The reaction mixture was fi1tered and the solid product was washed with methy1 alcoho1 and dried under vacuum at room temperature. Yie1d: 70%. 1 HNMR Cationic b1ock copo1ymer 2a was obtained by reacting copo1ymer 2 with an excess of iodomethane. In a typica1 reaction, 7.0 9 (80 mmo1) of copolymer 2 were dissolved in 200 ml of ch1oroform at room temperature in a three-neck flask under constant stirring. 5.0 ml of methy1 iodide was then added and the reaction T r i a l V e r s i o n w w w . n u a n c e . c o m DNA-block copolymer complexesfor Rene deliverv 215 was perforrned at room temperature for 2 h. The reaction mixture was fi1tered and the solid product was washed with methy1 a1coho1 and dried under vacuum at room temperature. Yie1d: 90%. lHNMR (D2O): = 1.0 (m, CH3), 2.0 (m, CH2), 3.3 (s, N+(CH3)3), 3.65 (s, O-CH2-CH2), 3.9 (s, CH2-N), 4.5 (s, COOCH2).
Plasmid DNA Plasmid pCV-Tat containing the cDNA of the HIV-l tat gene under the transcription control of the adenovirus major late promoter was previously described [22] . Plasmid pCVO is identica1 to pCV-Tat, but it lacks the tat gene sequence. Plasmid DNA was purified on CsCl gradient, according to a standard procedure [29] , and resuspended in sterile phosphate-buffered saline solution (PBS) with ca1cium and magnesium. The concentration of plasmid preparation used in the experiments was 3.1 mgml-l, as determined by UV absorbance reading at 260 nm at room temperature.
Assembly of complexes at different charge ratios For ca1culation of the charge ratio, an average mass per charge of 330 Da was used for DNA. The mass per charge for a1l the cationic copolymers was ca1culated from the degree of polymerization obtained by the 1 HNMR spectra. Complexes were prepared in buffer solution by .adding a polycation solution to DNA at various concentrations, as described below. To compare the complexing behavior of the various block copolymers, the complexes were prepared at defined molar ratio of amino or quaternary ammonium groups to DNA phosphate groups (N-to-P ratio).
Scanning force microscopy (SFM) analysis
Complexes at a known N-to-P ratìo were assembled ìn low ìonìc strength buffer (4 mM HEPES pH 7.4) contaìnìng DNA molecules ìn nanomolar concentratìon and a millìmolar concentratìon of Mg2+ , and then ìncubated at room temperature for 10 mìn. 10-15 .ul of solutìon contaìnìng the complexes were deposìted on a 1.5 cm2 dìsc offreshly cleaved ruby mìca (Mìca, New York, NY, USA). Deposìtìon of the complexes was a11owed to take place for 1 mìn. Then the dìscs were rinsed wìth approxìmately 2 ml of millìQ deìonìzed water (Millìpore, USA) and drìed wìth a gentle flow of nìtrogen gas. The specimens were analyzed with tappingmode scanning force microscopy (TM-SFM) in a NanoScope IIla Scanning Force Microscope equipped with a Multimode head (Digìtal Instruments, Santa Barbara, CA, USA).
lnibition of ethidium bromide-DNAjluorescence by cationic block copolymers
The ability of cationic block copolymers to form complexes with DNA was determined by loss of ethidium bromide-DNA fluorescence using a LS-50B PerkinElmer spectrofluorimeter [15] . 2.0 ml of a solution of DNA (20 Jlgml-l) and T r i a l V e r s i o n w w w . n u a n c e . c o m ethidium bromide (0.40 .ugm1-1) in water, 20 mM buffer sodium phosphate buffer (pH 7.4) and 20 mM buffer sodium acetate buffer (pH 5.0) was prepared.
F1uorescence was recorded at Àex = 366 nm, Àem = 590 nm and set to 100%. Then, a po1ycation solution was added stepwise (4.0 .u1 each addition, to account for a 0.2 increase ofN-to-P ratio), samp1e was mixed and fiuorescence was read after 5 min. The concentration of po1ymer causing 50% fa11 in measured fiuorescence (IF5o), and the lowest fiuorescence 1eve1 achieved (minF) were determined for each samp1e.
Ethidium bromide-DNAfluorescence restoration by PVS 2.0 ml of a solution of DNA (20 .ug ml-l ) and ethidium bromide (0.40 .ug ml-l ) in water were prepared and fluorescence was set to 100%. Then, block copolymers were added to form complexes adjusting the N-to-P ratio equal to 1.4. Finally, portions of 5.0 .ul of 6.06 mM poly(vinyl sulfonic acid, sodium sa1ts) (PVS) solution were added with gentle mixing. After each addition, the fluorescence was detected.
The concentration of each anion required to restore 50% originaI ethidium bromide fluorescence (RFIso), and the maximum va1ue of ethidium bromide fluorescence restoration (maxF) were determined.
DNAse protection assays Solutions containing 1.0, lO, 50, and 100 .ug of PCVO or PCV-Tat plasmid in 1.0 ml of Tris-HCl 40 mM, CaC12 10 mM, MgC12 6 mM (pH 7.9) were mixed with the appropriate amounts of a block copolymer solution to obtain complexes at N-to-P ratio of 1 and 5. The solutions were incubated for 30 min at room temperature. Control samples represented by pCVO plasmid DNA at the same concentrations but without the block copolymer were included. Optica1 densities were read at 260 nm (time 0). RNase-free DNase (10 .ug, Promega, Madison, WI, USA) was added and the solutions were incubated at 37°C. Optica1 densities were read after 15 and 60 min at room temperature.
RESULTS AND DISCUSSION
The various block copolymers were synthesized via the procedure illustrated in Fig. 2 . The first step consists in the free radical polymerization of the dimethylamino ethyl methacrylate using the high molar mass initiators 4a and 4b, containing a reactive azo group flanked by two PEG chains of variable length leading to block copolymers 1 and 2. In the second step, 1 and 2 were reacted with iodomethane or l-bromobutane, leading to the corresponding cationic block copolymers la-c and 2a. In detail, macroinitiators 4 were synthesized by reacting 4,4' -azobis( 4-cyanopentanoyl chloride) with PEG mono methyl ethers containing either sixteen or forty four oxyethylene units. These macroinitiators were used to start up the free-radical polvmerization of the methacrvlate monomer DMARMA t.hrm]gh t.he T r i a l V e r s i o n w w w . n u a n c e . thermal decomposition of the azo groups at 60°C. It is well established that freeradical polymerization of methacrylate monomers terminates via a disproportionation process, which, in the present polymerization system, results in the formation of AB diblock copolymers consisting of one PEG block and one poly(DMAEMA) block. However, any preference for a combination termination mechanism would eventually yield minor amount of ABA block copolymers. Copolymers 1 and 2 were precipitated several times from chloroform solution into methanol, to eliminate un-T r i a l V e r s i o n w w w . n u a n c e . reacted monomers, and purified by dia1ysis against water to eliminate the unreacted PEG. The block copolymers 1 and 2 were reacted with methyl iodide to obtain the positively charged block copolymers la, 1b and 2a. In particular, a large excess of methyl iodide with respect to the monomeric units deriving from DMAEMA was employed, to obtain block copolymer 2a. In contrast, for copolymers la and 1b, the methyl iodide was adjusted to obtain respectively a 50 and 30% of quaternary ammonium groups with respect to the total DMAEMA units. Block copolymer 1 was a1so reacted with a large excess of l-bromobutane to give block copolymer 1c. As a typica1 example, Fig. 3 reports the SEC traces of poly(ethylene glycol) mono methylether (n = 44) (a), macroinitiator 4b (b) as well as copolymers 1 (c) and la (d). The SEC trace of the macroinitiator is monomodal and translated toward lower va1ues a1ong the elution volume scale with respect to the starting PEG. In the SEC chromatogram of copolymer la, no trace ofPEG and DMAEMA was observed after the above purification procedure whereas a slight amount of residua1 PEG (less than 5% ) is observed in the SEC trace of copolymer 1. In addition, SEC ana1ysis of block copolymers 1a-c and 2a indicated that the a1kylation reactions did not degrade the polymeric chains. Under the assumption of an AB structure, not only the composition, but a1so the molar mass characteristics of the copolymers 1 and 2 were evaluated by 1 HNMR as the usua1 PEG standard samples are not reliable standards for SEC column calibration in the present polyelectrolytic polymeric system. together with the relevant assignments. The composition of the block copolymers 1 and 2 (Table 1) was determined from the intensity of the 1 HNMR signa1s due to the oxyethylene groups (3.65 ppm) and to the methyl groups linked to the nitrogen as well as the methylene groups comprised between the nitrogen and the oxygen in the poly(dimethylamino)ethyl methacrylate unit (2.3,2.6, and 4.1 ppm, respectively).
Block copolymer-plasmid complexes were prepared by adding in buffer solution a block copolymer to DNA at various concentrations, as described in the experimental part. The morphologica1 analysis of the complexes was performed using scanning force microscopy [30] . A typical TM-SFM image of the deposition of T r i a l V e r s i o n w w w . n u a n c e . Onm -500 n m pCV-Tat plasmid DNA is presented in Fig. 5 . SFM images represent topographies of the sample surface, where the height of the features on the substrate is coded in shades of color according to the attached look-up table. The shapes of the plasmid DNA in Fig. 5 was in agreement with those previously reported from this and other imaging techniques [31] . The contour length ofthe molecules is that expected for the DNA in its hydrated form (B-DNA). The apparent width of the DNA double strands is significantly exaggerated due to the broadening effect inherent in SFM imaging. Figure 6 shows a TM-SFM image of deposited DNA-polymer complex at N-to-P ratio of 5 in a low ionic strength buffer and 1.0 mM MgC12. Magnesium ions were added to ensure a reproducible deposition of DNA molecules on the negatively charged mica surface [32, 33] . The topography shows complexed DNA plasmid appearing as globular structures often displaying segments of DNA protruding from their body. Non-complexed cationic copolymer molecules are a1so present on the mica substrate and appear as sma1l dot-shaped objects as a1so observed in SFM images of the polymer alone in the same conditions (data not shown). A preliminary evaluation of the volume of the complexes shown seems to confirm that only one DNA molecule is contained in each globular object. Some of the imaged complexes display incomplete condensation of DNA and appear to be structura1ly similar to others reported in literature [34] . The DNA chains seem to forrn 1oops entering and exiting a centraI g1obu1ar core, p1ausib1y the expanding center of nuc1eation for the po1ycation-driven DNA condensation. The efficiency of b1ock copo1ymers to comp1ex p1asmids was deterrnined fo11ow-ing the fluorescence decrease of ethidium bromide with DNA after addition of the various b1ock copo1ymers. The experiment was perforrned in water, in 20 mM sodium phosphate buffer (pH 7.4) and in 20 mM sodium acetate buffer (pH 5.0). Tab1e 2 reports the re1evant data whereas Fig. 7 i11ustrates the trend of ethidium bromide fluorescence upon addition of the b1ock copo1ymers at pH 7.4 (a) and 5.0 (b ) . The trends of ethidium bromide fluorescence in pure water and in buffer solution at pH 7.4 are very simi1ar. The percentage of quaternary ammonium groups with respect to the tota1 DMAEMA units in the copo1ymer chain seems to influence the 1oss of ethidium bromide fluorescence, with the copo1ymer containing the 1ower percentage of quaternary ammonium groups requiring the higher concentration to achieve effective comp1exation. As reported in Tab1e 2, copo1ymers 1 va1ue ofO.94 and 1.19, and minFva1ue of 17.32 and 25.50%. This probably reflects the poor protonation of DMAEMA free base units. In contrast, at pH 5.0, the IF5o va1ues of block copolymers 1, la, and 1b as well as the relevant minF values are substantia11y lower than those observed at pH 7.4 in agreement with an high degree of protonation of the DMAEMA units (pKa ~ 7). Restoration of ethidium bromide fluorescence by addition of PVS solution to preformed copolymer-DNA complexes can be taken as an indicator of the complex stability. Figure 8 reports the trends of ethidium bromide fluorescence after sequentia1 additions of PVS to the copolymers/DNA comp1exes in water with N-to-P ratio of 1.4, whereas Tab1e 2 reports the relevant data.
Copolymer 1c, with buty1 groups attached to quaternary ammonium groups, shown an RFI5o va1ue of 0.16, whereas a11 the other copo1ymers, with methyl groups attached to quaternary ammonium groups, shown RFI5o va1ues ranging from 0.23 to 1.48. Moreover the maximum va1ue of ethidium bromide fluorescence restoration is found for copolymer 1c. In fact, the maxF va1ue of 1c is 86.70%, whereas those ofthe other copolymers range from 72.76 to 63.60%.
It is interesting to note that DNA complexes with copolymers 1, 2 and 1b have maxF va1ues of 64.10, 62.20, and 63.60%, respectively. This suggests that comp1exes formed from copolymers with the lower percentage of quaternary T r i a l V e r s i o n w w w . n u a n c e . ammonium groups with respect to the total DMAEMA units are the most stable thus indicating an active participation of the uncharged DMAEMA units to the copolymer-DNA complexing mechanism. The efficiency of the cationic block copolymers to protect the DNA against nuclease digestion through the formation of copolymer-DNA complexes was tested by measuring the absorbance of a DNA solution and a solution of copolymer-DNA complex at the same concentration after addition of nuclease as a function of time. Figure 9 reports as a typical example the variation of absorbance at 260 nm of naked DNA lo J.Lgml-l and copolymer la-DNA and 2a-DNA complexes (DNA 10 J.Lgml-l and N-to-P ratio = 1.5) following the addition of DNAse. The addition of nuclease to the solution of naked DNA results in an absorbance increase determined by a rapid DNA fragmentation. In contrast, the copolymer-DNA complexes are practically unaffected by the nuclease activity as clearly indicated by the absorbance constancy after addition of nuclease. High nuclease resistance was also observed for the other block copolymers thus indicating the stable nature of the copolymer-DNA complex. CON(;LUSIONÑ eutral and cationic diblock copolymers w ere prepared via a two-step procedure, based on the use of macroinitiators. The length of each hlock ~nci t hp T r i a l V e r s i o n w w w . n u a n c e . c o m 226 M. Laus et al number of charged units in the polycation block can be predetermined and adjusted to specific purposes. This novel block copolymer system is able to spontaneously self-assemble with plasmid DNA and to produce oriented and shielded complexes, with physicochemica1 properties appropriate for in vivo applications. The copolymer/DNA complexes appear as globular structures disp.laying segments of DNA protruding from their body.
Formation of copolymersl DNA complexes was monitored by the loss in ethidium bromide fluorescence. The percentage of quaternary ammonium groups, with respect to the total DMAEMA units in the copolymer chain, has a definite influence on the complex formation propensity with the copolymer containing the lower percentage of quaternary ammonium groups requiring the higher concentration to achieve complexation. In addition, the uncharged DMAEMA units appear to be able to further participate in the DNA-copolymer complexes, especially at pH lower than 7, at wich the residua1 DMAEMA units are protonated.
The formation of a complex between the cationic block copolymer and the plasmid DNA results in a resistance increase to nuclease digestion, due to the stable nature of the complex. This improved resistance of plasmid DNA against enzymatic breakdown is probably due to a decreased accessibility of the DNA to the enzymes.
These results indicate that the strategy utilized is suitable for the preparation of DNA to be delivered for gene therapy or vaccine studies. From work in progress [35] , we can anticipate that the neutra1 as well as the cationic block copolymers display little cytotoxicity in the case of HL3Tl ce1ls. Immunogenicity and delivery efficiency experiments of pCV-Tat complexed with the above PEGbased cationic diblock copolymer vectors are in progress both in vitro and in anima1 models, including mice and monkeys.
